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ABSTRACT 



The present invention relates to a heating element with a heating film having an 
electrically nonconductive support layer and a conductive layer. It is provided that the 
conductive layer of the present invention comprises a metallic layer or material that is 
deposited onto the support layer. The present invention further relates to a heating 
element system suitable for integration into the seating surface or backrest surface of 
an automotive vehicle which may also comprise additional components such as 
upholstered units and sensors to facilitate the comfort of the occupant of the vehicle. 
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The present invention relates to a heating element with a heating film having a support 
layer and a conductive layer. More particularly, thj^inven^ 
^lement comprising 

deposited along and in contact with the nonconductive support layer wherein the 
5 <support layer can be further defined of an electrically 

non<^nduc%e material s webs, woven fabrics, non-woven fabrics, and films > 
(having electrical connections;? The present invention also relates to a heating element 
comprised of additional components such as upholster 

Traditional heating elements with heatable webs found in the prior art are generally 
10 comprised of graphite fibres. While these prior art heating elements utilizing graphite 
fibres generally exhibit good functionality and are advantageous in many 
circumstances, they generally require significant production costs and a large amount 
of capital investment for manufacture. The resulting high sale price of these heating 
elements having graphite fibres is often cost prohibitive and financially disadvantageous 
1 5 for a number of products and commercial applications fund in the marketplace. 

In addition, h^tiri^leTn^t^ 

areralso:^ However, the use of aluminumrfilrn r is~often^ 

problematic in that it has a: limited mechanical load capacity- and is therefore not 
suitable for a number of product applications. Further, a number of prior art devices 
20 have also attempted to utilize aluminum film wherein the aluminum film is laminated 
with a plastic film. However, these laminated versions of aluminum film also limited due 
to mechanical load capacity. 

Accordingly, there is a need for a low cost heating element and system that provides 
an electrically nonconductive support layer and a conductive layer which has a large 
25 mechanical load capacity, can be employed across a wide range of different products 
and commercial applications, and which can be comprised of additional components 
such as upholstered units and/or sensors. 

The present invention is directed to a heating element with ath^tin^filn^s^ 
electrically nonconductive support layer and a conductive layer deposited . overahd ^ 
30 along the support layer wherein the odnductive layer co 
duatlayerrhea^g^fil^ 
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mechanical toad capacity of the heating element and reducing the cost of production- 
arid manufacture] In addition, the heating element of the present invention exhibits a 
high resistance to fire and reduces the potentiality of a short-circuit situation. In the 
event of an unintended short circuit at any location, the thin profile of the conductive 
5 layer may serve to facilitate a localized bum-off of the conductive layer. In this regard, 
an object of the present invention is to provide a heating element capable of reducing 
the effects of a short-circuit and achieve self-repair through localized burnoff of the 
conductive layer. 

pioughlither materials are 
1 0 present invention will be comprised of plastTcTin parto 

[polyamide], PP [polypropylene], or PC [polycarbonate], or .atf^wTma^m^ 
conductive layer to be applied or otherwise placed ^ 

by means of vacuum evaporation, sputteri^^ This provides for 

sufficient resistance against various media such as perspiration or carbonated 

15 beverages, as well as UV light, and assures a low production cost In addition, the 
present invention discloses a metallic conductive layer which may be comprised of 
copper or another suitable having similar properties and that can be readily obtained 
at a low cost metal. It will also be appreciated to one of ordinary skill in the art that the 
conductive layer of the present invention could also be produced from aluminum, silver, 

20 gold, or nickel. Although various ranges, consistency, pattern, and thickness are 
possible, high stability and functionality are obtained especially when the thickness of 
the heating film lies between 10 and 300 jum and, in particular, between 20 and 150 
Mm, and the thickness of the conductive layer lies between 0.05 and 10 /zm and, in 
particular, between 0.05 and 1 ^m. 

25 In order to assure reliable operation even under very heavy load, it is advisable for the 
ductility of the heating film to be relatively high - that is, higher than the ductility of a 
metallic film of the same thickness - and for the conductive layer to be covered by a 
cover layer. 
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It is contemplated that the conductive layer of the heating film have at least one recess 
to form at least one conductive path, in order to guide the flow of current through said 
conductive layer in a targeted fashion. Furthermore, it is advantageous for at least one 
conductive path to have at least one slit which serves to guide the flow of current 
5 through the conductive layer in a targeted fashion. This structuring allows the 
temperature distribution and power density in the heating film to be influenced. In this 
regard, when the current flows through a plurality of conductive paths and/or 
conductive strips, a concentration of current and resultant overheating at the interiors 
of bends can be avoided. fat the same time, security of the heating element against „ 

1 0 failures is increased by the redundancy of conductive paths and/or conductive strips,. 
c lfor example, if the film disclosed in the present invention is used in the seating surface 
"of a vehicle seat, the film does riot wrinkle, but rather folds alongside a 
^trolled I fashion.^ in improved seating ^ comfort. Still further, the_ 

fiWcari belidjusted to higherToad conditions without overextension by spreading pr 

1 5 "spacing apart the slits. Similarly, the recesses smci slits allow moisture to pass through 
tl^e film which assists in providing comfort and air conditioning of the seating surface:^ 

In order to uniformly distribute the current in the heating film, it is contemplated that at 
least two conductive strips be utilized which have approximately the same overall 
length. If a plurality of conductive paths are used in a particular application, it is 
20 preferred that at least two conductive paths have approximately the same overall 
length. 



|to improve the load capacity of the heating fi^ the 
ijecesses, including a plurality of slits or recesses, running perpendicular to the 7 
Erections of mechanical extension load./ 

25 In order to locally adjust the power per surface area and thus the temperature 
distribution, it is advisable to vary the width and/or thickness of least one conductive 
strip or one conductive path over the length of said conductive strip or conductive path. 
In this manner, areas with higher or lower temperatures may be adjusted in a targeted 
fashion. 
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In one embodiment, the heating film can be integrated into the seating surface and/or 
backrest surface of a vehicle seat. The film is well suited to these uses owing to its 
ease of processing. 

In a particular non-limiting embodiment, the present invention discloses at least one slit, 
5 at least one connection point having at least two, but preferably a plurality, of adjacently 
disposed conductive strips electrically connected with one another at areas spaced 
from their respective ends, and at which the connected conductive strips would exhibit 
essentially the same potential, even without an electrical connection, during operation 
of the heating element. This increases the mechanical load capacity and manageability 
10 of the heating element. 

In order to increase the functionality of the heating element, it is advantageous if at 
least a portion of the conductive layer does not serve, or does not serve exclusively, for 
heating, but rather serves additional electrical functional elements of the power supply, 
especially sensors. 

15 It is advisable that the support layer and the cover layer be integrally joined to one 
another at the boundaries of at least one slit or one recess thereby reducing the 
possibility of corrosion of the conductive layer. For this same reason, it is useful if the 
support layer and/or the cover layer also completely overlap at least one slit or one 

recess. 

20 The features and inventive aspects of the present invention will become more apparent 
upon reading the following detailed description, claims, and drawings, of which the 
following s a brief description: 

Fig. 1 is an enlarged cross section view of the present invention as depicted 
through the heating film. 

25 Fig. 2 is a reduced top plan view of a first heating element of the present 

invention as shown from the heating film from Fig. 1. 
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Fig. 3 is a top view of a second heating element of the present invention. 

Fig. 4 is a top view of a third heating element of the present invention. 

Figure 1 shows a cross section of a preferred embodiment of the heating element which 
illustrates portions of a heating film 1 . As will be appreciated, the^tin^filKIIhasa 
5 ^ypport Iayer2 which 1s:ot 

tensileTana foia^esj ^nt Tnatehal. Though other electrically nonconductive materials 
are possible, a preferred embodiment of the present invention utilizes a support layer 
2 comprising a plastic and, more particularly, polyester. 

A thin conductive layer 3 having a top portion and a bottom portion that is electrically 
10 conductive is deposited onto the support layer 2 so that the bottom portion of the 
conductive layer 3 is deposited along the support layer. In a preferred embodiment, the 
conductive layer 3 comprises a metal, such as copper, that is vacuum evaporated. 
However, it will be appreciated that other metals, such as aluminum, silver, gold, and 
nickel, metallic materials, and their derivatives and alloys may serve as material for the 
15 conductive layer 3. It will also be appreciated that the thickness of the conductive layer 
is generally thin, 0.1 ^m in the preferred embodiment, but may also comprise a variety 
of thicknesses, consistency, and patterns depending upon the desired application. 

A cover layer 4 is applied to the top portion of the conductive layer 3 sandwiching the 
conductive layer 3 between the support layer 2 and the cover layer 4. In a preferred 
20 embodiment, the cover layer 4 comprises the same type of plastic or polyester material 
as the support layer 2, and is attached to said conductive layer 3 by pressing. 

The function of the cover layer 4 is to protect the conductive layer 3 from corrosion. In 
addition, the cover layer is designed to prevent folding and scratching of the conductive 
layer 3 by, among other factors, limiting the folding radius by means of the greater film 
25 thickness. 
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Figure 2 illustrates a heating element according to the teachings of the present 
invention wherein a heating film 1 has at least two contact areas 16 at two oppositely 
disposed boundary areas. The contact areas are connected to a power source, not 
shown, by means of connections 1 7. The contact areas 16 further comprise metallic 
5 bands that are connected, in an electrically conducting fashion, over their entire length 
to the conductive layer 3 of the heating film 1 . During operation, current is applied to 
the heating film 1 by a connection 17 over the entire length of one contact area 16. In 
accordance with teaching that is well known in the art, the current then flows over the 
entire width of said heating film 1 to the oppositely disposed contact area 16. The 

1 0 length and width of said heating film 1 , as well as the thickness of the conductive layer 
3, determine the power of the heating element. In a particular non-limiting embodiment, 
length shall be understood as the distance between the two contact areas 1 6, and width 
shall be understood as the extension of said film lying perpendicular thereto in the plane 
of said film. The power density of the preferred embodiment lies between 1 and 10 

15 W/dm2. 

Figure 3 shows a second embodiment of a heating element according to the present 
invention. The heating element has a heating film 1 having at least two contact areas 
1 6 at one of its lateral boundary areas. The two contact areas 1 6 are therein oppositely 
disposed toward one another, and are separated from one another by a recess 1 1 . The 
20 conductive layer 3 is connected to a power source, not shown, at each of said contact 
areas 16. 

The conductive layer 3 is divided by a plurality of recesses 1 1 so as to form a 
conductive path 10. The conductive path 10 connects the two contact areas 16 to one 
another in a wound, uninterrupted loop in an electrically conductive fashion according 
25 to teachings that are well known in the art. The conductive path 10 can thus overlap 
substantially the entire surface of the heating film 1, as shown in FIG. 3. 

It will also be appreciated that the conductive path 10 is partitioned into a plurality of 
conductive strips 1 2. The conductive strips 1 2 run essentially parallel to the conductive 
path 10, and thus parallel to the direction of current flow. The conductive strips are 
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separated from one another by a plurality of slits 13. During operation of the heating 
film 1 , the current flows from one contact area 16 through the conductive path 1 0 to the 
other contact area 1 6, thus heating the heating film 1 . 

A skilled artisan will appreciate that the partitioning of the conductive path 10 into a 
5 plurality of conductive strips 1 2 causes the current to flow uniformly distributed over the 
entire width of the conductive path 10, even during directional changes of the path 10. 
Otherwise, a concentration of current at a bend of the conductive path 10 and resultant 
overheating at the interior of said bend would occur. An approximately equal overall 
length of the conductive strips 12 creates equally large resistances among the 
10 individual conductive strips 12. This also serves to create uniform current distribution 
to the individual conductive strips 12 as well as uniform temperature distribution. 

The embodiment illustrated in Figure 4 corresponds essentially to the structural design 
of Figure 3. In this present embodiment, however, connection points 14 are provided. 
The connection points 14 join adjacently disposed conductive strips 12. The 

15 connection points 14 are arranged at positions such that the conductive strips 12 that 
are connected to one another would have a similar electrical potential, even without 
being connected. The connection points 14 are produced in this embodiment such that 
a separation of the conductive layer 3, with the recesses 11 and slits 13, can be 
dispensed with at these points. The connection points 14 are arranged in the course 

20 of the conductive strips 1 2 and spaced at intervals from the ends 1 5 of said conductive 
strips 12. 

It will be appreciated that the heating film 1 of the present invention is particularly 
suitable for use in automotive applications such as motor vehicle seats. To this end, 
the heating film 1 can comprise a system for integration into the seating surface and/or 
25 the backrest surface of a vehicle. This integrated system can be achieved, for example, 
beneath the seat covering or in the upholstery of the seat. However, it is also possible 
to combine the heating film 1 with the seat covering or to replace the seat covering by 
the film 1 itself. 
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According to this system found in the present invention, it is possible to adjust the 
temperature distribution in the film 1 to correspond to the anatomy or desire of the seat 
user, and to heat specific areas more intensely or to exclude heat from other areas. 

In addition, sensors can be provided in the seating surface wherein the conductive layer 
5 3 can be used to provide the sensors with power and to relay the signals of the sensors. 
To this end, either the heat conductor can be used, or separate conductive paths 10 
can be created. For example, it is contemplated that the sensore could be used for 
temperature measurement or pressure determination. 

According to other important features and aspects of the present invention, it should be 
10 seen that the conductive layer 3 can be deposited onto the support layer 2 by 
electroplating or similar chemical or physical methods instead of by vapour deposition. 
In addition, adhesion or similar means can also be utilized to produce the connection 
between the conductive layer 3 and the support layer 2. 

Further, the cover layer 4 can be comprised of a material other than the plastic or 
15 polyester of the support layer 2, such as a lacquer coating, for example. It is also 
possible to eliminate the cover layer 4 altogether and still be able to practice the present 
invention. 

In order to increase the air permeability, it should be seen that the film lean be 
perforated or the width of the slits can be enlarged. 

20 Still further, it will be appreciated thatdnsteadrof a conductiya 

^rar^uetive:paths:could:al^ In addition, the conductive strips 12 could be 

further partitioned are placed in a desired pattern. The principle of equally large 
resistances achieved by equal overall lengths may be applied here as well. 

It is also possible to broaden the recesses 1 1 and slits 13. The shape of the slits 13 
25 could be adjusted to be in the form of large gaps. In this manner, the surface covering 
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of the conductive layer 3 can be markedly smaller, and the area used as the heating 
surface can be only 50%, for example, of the heating film surface. 

One of ordinary skill in the art will also appreciate that the recesses 1 1 and slits 13 
could penetrate the heating film 1 through its entire thickness. To increase the stability 
5 and to simplify handling, the support layer 2 and/or the cover layer 4 can completely 
overlap the recesses 1 1 and slits 13. In such an embodiment, the support layer 2 and 
cover layer 4 can be integrally joined to one another by adhesion, for example. Still 
further, it should be seen that the conductive layer 3 can be structured using any 
number of common methods known in the art, such as cutting. 

10 A number of advantages are realized in accordance with the present invention, 
including, but not limited to, the ability to manufacture a heating element having a multi- 
layered heating film as well as a heating element system capable of integration into the 
seating surface of a motor vehicle which may also include sensors and upholstered 
units to improve comfort and climate-controlled efficiency of a motor vehicle. 

15 The preferred embodiment of the present invention has been disclosed. A person of 
ordinary skill in the art would realize however, that certain modifications would come 
within the teachings of this invention. Therefore, the following claims should be studied 
to determine the true scope and content of the invention. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 



1 . A heating element having a heating film comprising: 

(a) an electrically nonconductive support layer; and 

5 (b) a metallic conductive layer having a top portion and a bottom portion 

wherein one of said portions is applied onto said support layer. 

2. The heating element according to claim 1 , wherein said support layer comprises 
a material selected from the group consisting of plastic, polyester, polyimide, 
polyamide, polypropylene, polycarbonate, and paper and wherein one of said portions 

10 of said conductive layer is applied to said support layer by means selected from the 
group consisting of vacuum evaporation, sputtering, and electroplating. 

3. The heating element according to any one of claims 1 or 2, wherein said 
conductive layer comprises a metallic material selected from the group consisting of 
copper, aluminum, silver, gold, and nickel. 

15 4. The heating element according to claim 1, wherein said heating film has a 
thickness in a range between 10 and 300 ^m, and said conductive layer has a 
thickness in a range between 0.05 and 10 ^m. 

5. The heating element according to claim 1, wherein said heating film has a 
ductility greater than the ductility of said metallic material and wherein said other portion 
20 of said conductive layer is covered by a cover layer. 
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6. The heating element according to claim 1 1 wherein said conductive layer of said 
heating film has at least one recess forming at least one conductive path whereby the 
flow of current is guided through said conductive layer. 

7. The heating element according to claim 6, wherein at least one of said 
5 conductive path has at least at least one slit whereby the flow of current is guided 

through said conductive path. 

8. The heating element according to any one of claims 6 or 7, having at least two 
conductive paths consisting of substantially the same overall length and at least two 
conductive strips consisting of substantially the same overall length. 

1 0 9. The heating element according to claim 6, wherein at least one of said recess 
runs perpendicular to the directions of mechanical extension load. 

1 0. The heating element according to claim 7 f wherein at least one of said slit runs 
perpendicular to the directions of mechanical extension load. 

11. The heating element according to claim 6, wherein the thickness of said 
1 5 conductive path varies over the length of said conductive path whereby the power per 

surface area can be locally adjusted. 
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12. The heating element according to claim 8 wherein the thickness of said 
conductive strip varies over the length of said conductive strip whereby the power per 
surface area can be locally adjusted. 

13. The heating element according to any one of claims 6, 7, 8, 9, 10, 11 or 12, 
wherein said support layer and a cover layer are integrally joined at the boundaries of 
at least one slit. 



14. The heating element according to any one of claims 6, 7, 8, 9, 10, 11 or 12, 
wherein said support layer and a cover layer are integrally joined at the boundaries of 
at least one recess. 



15. The heating element according to any one of claims 6, 7, 8, 9, 10, 11 or 12, 
wherein said support layer and a cover layer completely overlap at least one slit. 



16. The heating element according to any one of claims 6, 7, 8, 9, 10, 11 or 12, 
wherein said support layer and a cover layer completely overlap at least one recess. 

17. The heating element according to any one of claims 6, 7, 8, 9, 10, 1 1, or 12, 
wherein at least one of said conductive path has at least at least one slit having a 
connection point electrically connected with at least two adjacently disposed conductive 
strips having first and second ends wherein said ends are spaced apart and connected 
and whereby said conductive strips are suitable to substantially exhibit the same 
electrical potential without an electrical connection during operation of said heating 
element. 
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1 8. The heating element according to any one of claims 1 or 6, wherein at least one 
of said portions of said conductive layer is capable of providing a source of electrical 
power supply. 

1 9. The heating element according to any one of claims 1 or 6, wherein at least one 
5 of said portions of said conductive layer is capable of providing an electrical sensor. 

20. The heating element according to claim 1, wherein said heating element is 
fixedly integrated into a seating surface of an automotive vehicle. 



21. The heating element according to claim 1, wherein said heating element is 
fixedly integrated into a backrest surface of an automotive vehicle. 

10 22. A heating element system having a heating film suitable for integration into a 
seating surface of an automotive vehicle comprising: 

(a) an electrically nonconductive support layer; and 

(b) a metallic conductive layer having a top portion and a bottom portion 
wherein one of said portions is applied onto said support layer. 

15 23. The heating element system of claim 22 wherein said heating film is integrated 
within the seating surface of an automotive vehicle. 

24. The heating element system of claim 22 wherein said heating film is integrated 
within the backrest surface of an automotive vehicle. 
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25. The heating element system of claim 22 further comprising an upholstered unit 
for integration within the seating surface of an automotive vehicle. 

26. The heating element system of claim 22 further comprising at least one electrical 
sensor for integration within the seating surface of an automotive vehicle. 
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